Oliguria in patients following spinal cord injury was first mentioned in 1649, but has since been referred to only occasionally. The work detailed here was completed 30 years ago but is reported because of the lack of any comparable study and because suitable patients are not now readily available. A total of 27 water load tests were carried out on 20 patients. The test included measurement of serum osmolality to confirm absorption of ingested water. Impaired response to the water load was obtained in 17 tests: 12/13 between 1 and 5 days after onset of the cord lesion and 5/14 more than 2 weeks after injury. The possibilities that oliguria was due to dehydration, failure to absorb ingested water, hypotension or renal failure are discounted.
Introduction
Diminished output of urine following acute spinal cord transection was first mentioned in 1649, when Parey described suppression of the passage of urine following spinal cord section; he attributed this to loss of sensation of the bladder causing retention of urine. l
The next mention was in 1915 when Gordon Holmes gave the Goulstonian Lectures on spinal injuries of warfare.
2 He was serving in France at a base hospital and saw the patients immediately after injury. Under 'description of special symptoms found in soldiers with acute cervical cord transections' he described the small amounts of urine passed: 'The fourth special symptom was the small amount of urine passed. In one man who lived 48 h no urine was secreted; another secreted only 20 oz in 3 days; a third probably only 8 oz in 4 days;
while from a fourth ( Figure 3 ) whose temperature varied between 87°F and lO5°F and his pulse rate between 40 and 104, only 20 to 25 oz could be drawn off during the first 3 days, but the daily amount increased to 50 to 60 oz for the last 2 days, when his temperature ranged between lOO°F and lO5°F. The amount of urea was estimated in two cases in which very little urine was secreted and its percentage was approximately normal'.
He was so interested in this symptom that he requested Professor Harvey Cushing who was serving in France at that time to see one of the soldiers.
Harvey Cushing suggested the explanation was: 'a There has since been scant mention of this subject apart from Krishnan and Parsons 9 who described changes in urinary output in an unpredictable manner following spinal injury.
The cause of this oliguria has not been determined. Suggested mechanisms have included pituitary dys function, surgical shock, renal impairment, mineralo corticoid activity, fluid pooling in the bowel and sympathetic dysfunction.
The subject is of considerable practical importance in view of the danger of fluid overload in the acute stage after traumatic spinal cord injury.
The water load tests reported here were carried out many years ago, many of them within 24 h of injury, and are published because of the lack of any similar report in the literature and because such subjects are not readily available for study in specialist centres at the present time since patients are admitted to intensive therapy units in the receiving hospital and screening for MRSA infection delays transfer.
Patients
The patients were studied between 1957 and 1964. There were 17 males and 3 females with spinal cord injury aged 14-56 (median 28) years. They comprised 11 tetraplegic, seven having neurologically complete cord lesions and four being incomplete, and nine paraplegic patients, of whom seven were complete and two incomplete. The injuries were caused by: falls (6), diving (5), road traffic accidents (3), a blow (3), horse riding (2) and hand grenade explosion (l).
The patients were divided into three groups based on the interval that had elapsed following injury.
These were: Group 1, 1-5 days (Acute: immediate post-injury period, the time when the changes had been observed), 13 tests; Group 2, 2-8 weeks (Post acute: still bedfast, to monitor progress back to normality), 6 tests; Group 3, from 5 months on (Late: rehabilitation or readmission, when the patients were expected to be normal), 8 tests. The tests in Group 2 were all repeat studies on patients previously studied in Group 1. One patient in Group 3 had previously been studied in Groups 1 and 2; the remainder were studied for the first time.
All patients were in a stable condition. None were receiving intravenous fluids or medication known to influence antidiuretic hormone (ADH) secretion. Urine test for proteinuria was negative. Two of the patients studied in Group 1 (acute) had associated injuries of some significance: one had a fractured skull, the other fractured ribs and haemothorax. The remainder had no injuries apart from that to the spine. Four of the patients studied in Group 3 (late) had remained in hospital since their first admission. The other four had been readmitted, two for pressure sores and two for investigation for renal function. Every patient admitted to the Centre was considered for the study. Many, however, were too ill, were unable to drink a litre of water and were excluded.
Methods
For the water load test, the patients were kept in bed Results Figure 1 shows a normal response. Following ingestion of 1 litre of water there was a fall in serum osmolality.
About half an hour later there was a rise in the volume of urine excreted followed by a return of serum osmolality towards the initial value. A total of 975 ml urine was returned in 3 h. Figure 2 shows an abnormal response. Serum osmolality fell but there was no increase in the volume of urine excreted. Figure 3 shows the results in the patient studied serially.
Systolic and diastolic blood pressures at the time of the study were in the ranges 80-150 (mean 117) and 50-110 (mean 78) mm Hg respectively. Blood urea was 3.0-9.3 (mean 5.8) mmol l-\ and blood haemoglobin was 11.2-15.4 (mean 13.0) gd l-I .
There was no relationship between blood pressure, blood urea or haemoglobin and the volume of urine excreted.
In all patients the serum osmolality decreased in response to the water load. Serum osmolality at the start of the test was 272-298 (mean 289) mOsm I-I. Figure 4 show the results of all the water load tests. The result was abnormal in 17 (63%).
Normal responses were given by 1/13 in Group 1, by 2/6 in Group 2 and by 7/8 in Group 3. This trend was statistically significant (P = 0.0053). The response was not significantly related to the level of the cord lesion.
Discussion
At the time when these tests were carried out no bed weighing machine was available and it was not possible to give a weight-related water load. A standard load of 1 litre was therefore given. Volumes of urine excreted following ingestion of 1 litre of water 5 days, 17 days and 6 weeks after spinal cord injury 
Points above the broken line indicate a normal result
The fall in serum osmolality following ingestion of water indicated that the water was absorbed and that paralytic ileus was not present. The patients in Group 1 were selected in that they were capable of drinking a litre of water. Initial osmolality was close to the normal range indicating that the patients were well hydrated. No patient was in renal failure, as indicated by the level of blood urea at the time of the test as well as the fact that no patient subsequently developed an elevated blood urea. The lack of correlation between blood pressure and urine volume as well as the levels of blood pressure recorded suggested that blood pressure was sufficient to ensure adequate renal perfusion.
Creatinine clearance in acute spinal patients is invariably normal or raised II . Our incidence of impaired water excretion of 36% in patients two or more weeks after spinal cord injury is close to the 32% reported by Lloyd in patients 6 or more weeks after injury 8 . In other types of patient diminished urine production after injury is well recognised I2 . Following surgery secretion of ADH rises rapidly, reaches a plateau in 6-12 h and declines to normal values by the 5th postoperative day in major cases. 13 Oliguria associated with surgery lasts no more than 2-4 days. Some of our patients showed impaired ability to excrete a water load up to 8 weeks and, in one case, up to 6 years after spinal injury. Some other mechanism must therefore be sought. Considering that approximately 50% of the total blood volume is in venous capacitance vessels, this indirect effect is an important means by which preload is maintained. It is more difficult to explain why no difference was found in this study between paraplegic and tetraplegic patients. Tetraplegic patients have lost the ability to vasoconstrict owing to compromised control of the sympathetic nervous system. Resting levels of ADH in chronic tetraplegic patients are normal, but in response to head-up tilt there is a four-fold increase in release of ADH, in contrast to normal subjects who show no increase.
15 Diurnal variation is reduced. 
